The spatial and temporal distribution of food resources can profoundly affect foraging decisions and prey selection, potentially resulting in shifts in diet in response to changes in resource availability. The masked palm civet (Paguma larvata) has long been regarded as a dietary generalist that feeds primarily on fruits and small mammals. Both types of food resources may vary spatially and temporally and the diet of P. larvata is expected to change in response to variation in the availability and distribution of these resources. To address the effects of such variation on foraging by masked palm civets, we studied a population of P. larvata inhabiting a highly heterogeneous habitat in central China consisting of primary forest, selectively logged forest, logged forest, broad-leaved and coniferous forest plantations, and cultivated farmland. Available food resources included wild fruits, cultivated fruits, leaves, plant cortexes, amphibians, reptiles, birds, small mammals, molluscs, and arthropods. The abundance of these food categories varied significantly among seasons and habitats and civets altered consumption of these categories according to their temporal and spatial availability. The diversity of items consumed also varied significantly among seasons and habitats. From June to October, wild fruits were the main food of civets in forest habitats, whereas cultivated fruits were the main food in farmland. In contrast, from November to May, civets in forested habitats consumed primarily rodents and birds. Concordant with these changes was a shift from foraging in primary forest (November-May) to foraging in logged forest and farmland (June-October) that appeared to be associated with the availability of fruits. These results demonstrate the ability of civets to change their diet, both spatially and temporally, in response to changing food resources. To better understand how foraging behavior of civets varies with resource availability, similar studies should be conducted in tropical environments characterized by year-round availability of fruit.
Foraging theory (MacArthur and Pianka 1966; Mitchell 1989; Stephens et al. 1986 ) predicts that use of a resource should be related to the fitness benefits that an animal receives from consuming that resource (Olsson et al. 2001) . The most profitable foraging strategy for a predator may be to maximize the trade-off between energetic rewards and foraging costs, rather than to simply maximize energy gain (Stein 1977) . Many factors can influence this trade-off, including the nutrient requirements (Delorme and Thomas 1999; Rode and Robbins 2000) and associated dietary preferences of the predator (Hanski et al. 1991; Sundell et al. 2000) as well as attributes of the prey such as size, vulnerability, and nutritional content (Hörnfeldt 1978; Sundell et al. 2003) . Each of these factors may vary temporally and spatially, suggesting that the diets of predators also may vary over time and space.
The prey-switching and alternative prey hypotheses (Angelstam et al. 1984; Hörnfeldt 1978; Small et al. 1993 ; Thompson and Colgan 1990) suggest that choice of a prey item is influenced by its nature and abundance relative to other prey types. As a consequence, some predators switch between primary and alternative prey items as the availability of these food resources changes. This diet switching has been shown for the red fox (Vulpes vulpes- Ferrari and Weber 1995; Kjellander and Nordström 2003; Leckie et al. 1998) , wolves (Canis lupus- Dale et al. 1994) , coyotes (Canis latrans- Patterson et al. 1998; Prugh 2005) , martens (Martes americana- Thompson and Colgan 1990 ), Tengmalm's owls (Aegolius funereusHörnfeldt 1978), and long-eared owls (Asio otus-Hörnfeldt 1978) . Although temporal switching of prey is well documented, spatial switching (e.g., foraging in different habitats) remains controversial (Prugh 2005) . More generally, prey switching may be a consequence of the choice of prey types within a patch (the prey model) or of the choice of patches with different types of prey (the patch model-Norrdahl and Korpimäki 2000; Olsson et al. 2001) .
To explore the effects of resource availability on foraging behavior, we examined spatial and temporal variation in the diets of masked palm civets (Paguma larvata) in a highly heterogeneous habitat in central China. P. larvata is known to live in a wide variety of habitats in both tropical and temperate zones (Heydon and Bulloh 1996; Narang 1996; Nowak 1999; Wang 1987) . Although no systematic study of its diet has been conducted (Jiang et al. 2003; Lundrigan and Baker 2003) , this species has been found to consume a wide variety of prey items and has long been regarded as a dietary generalist that relies primarily on fruits and small mammals but supplements its diet with birds, snakes, frogs, and invertebrates (Nowak 1999; Wang 1987; Wang and Fuller 2003) . In the study area, fruits are seasonally available, whereas small mammals are available throughout the year (Song and Liu 1999) . Given this temporal variability in resources, we hypothesized that civets would show seasonal dietary shifts between fruits and small mammals. Because the spatial distribution of these resources varies across seasons, we also predicted that civets would exhibit spatial dietary shifts over time. In addition to providing a detailed characterization of the diet of P. larvata in a seasonal habitat, our study offers the 1st evidence that foraging by this species varies in response to resource availability. These findings have significant implications for understanding the ecology of both this species of predator and the diverse habitats in which it occurs.
MATERIALS AND METHODS
Study area.-The study was carried out in Houhe National Nature Reserve (30829450-89400N, 1108299250-409450E), which encompasses 10,340 ha along the middle reaches of the Yangtze River valley of China (Fig. 1 ). This reserve is in the transitional belt between the middle and northern subtropical zones and is characterized by 4 distinct seasons, including a cold winter and a hot, humid summer. Elevations range from 560 m to about 2,252 m above sea level. The mean annual temperature is 11.58C and there are 211 frost-free days per year. The average annual precipitation is 1,814 mm.
The primary types of natural forest within the reserve are coniferous forest (including Pinus tabulaeformis, Pinus henryi, and Cryptomeria lanceolata), broad-leaved forest (including Sycopsis sinensis, Davidia involucrata, and Cercidiphyllum japonicum), and bamboo forest. Based on human activity, habitats within the reserve can be categorized as primary (unlogged) forest (PF), selectively logged forest (SLF), logged forest (LF), broad-leaved forest plantation (BFP), coniferous forest plantation (CFP), and farmland (FL). In all uncultivated habitats, the main fruiting plants are members of the families Rosaceae, Lardizabalaceae, Lauraceae, Actinidiaceae, Moraceae, and Cornaceae, which mature between August and November. Outside these months fruits are scarce (Song and Liu 1999; Wang et al. 1997) , although some species (e.g., Elaeagnus henryi, Cerasus dielsiana, Fragaria orientalis, and Hovenia dulcis) mature during December through July.
Most logging in Houhe National Nature Reserve occurred before 1998. In LF, all commercially valuable trees with a diameter at breast height (dbh) of 10-20 cm were harvested for construction or firewood. In contrast, in SFL, approximately 1 tree (with a dbh . 20 cm) per 100 m 2 was taken for use by local residents. The logging methods employed destroyed more than 50% of the trees with a dbh . 5 cm. After logging, a mosaic of vegetation types remained that was dominated by pioneer tree species, shrubs, vines, climbers, and herbs. BFPs and CFPs were established between 1998 and 2001. More than 99% of vegetation in CFP and more than 90% of vegetation in BFP consisted of introduced species, with the rest of the vegetation comprised of vines, climbers, and herbs.
Approximately 87 species of mammals have been reported from the study area. The potential prey of civets includes 2 species of hares, 11 species of insectivores, 5 species of squirrels, and 21 other species of rodents (Song and Liu 1999) . In addition to the masked palm civet, 20 species of carnivores have been reported, including black bear (Ursus thibetanus), hog badger (Arctonyx collaris), yellow-throated marten (Martes flavigula), Chinese ferret-badger (Melogale moschata), Siberian weasel (Mustela sibirica), yellow-bellied weasel (M. kathiah), and leopard cat (Prionailurus bengalensis). Particularly relevant to this study are reports of 2 other species of civets, the small Indian civet (Viverricula indica) and the large Indian civet (Viverra zibetha-Song and Liu 1999). However, more recent studies (Thomas et al. 2004, Y. Zhou et al., in litt.) , however, failed to detect the latter 2 species, suggesting that they are either very uncommon or extinct in the study area. As a result, all foraging by civets can reasonably be attributed to P. larvata.
Sample collection and identification.-The diet of the masked palm civet was studied by collecting feces and inspecting fresh foraging sites during July-November 2004 and April 2005 -May 2006 . Twenty transects measuring 2.1-3.0 km in length ( " X ¼ 2.7 km 6 0.4 SE, range 2.1-3.0 km, total length ¼ 54.3 km) and 4 m in width were established in the 6 forest types ( " X ¼ 5.8 transects per forest type 6 4.8 SE; Fig. 1 ). Each transect was systematically searched for feces every 2 weeks following the methods of Martinoli et al. (2001) and Joshi et al. (1995) . During the 1st visit to each transect, all feces were removed to make sure that only fresh fecal samples were collected during later visits. The location and date of collection were recorded for each fecal sample. Samples were air-dried for a minimum of 4 weeks and then stored in air-tight bags until analysis.
Samples were identified as belonging to P. larvata based on the appearance (e.g., color, shape, and size), texture, and smell of feces; other evidence of civets (e.g., tracks, feeding signs, active dens, or daybeds) associated with feces; the opinion of local trappers (Wang 1999) ; and the presence of civet hairs in the fecal samples (ingested during grooming- Gatti et al. 2006; Juarez and Marinho 2002; Manfredi et al. 2004) . Civet scats were readily distinguished from those of bears because of their smaller dimensions (scat diameter for civets ¼ 5-20 mm versus . 40 mm for bears). The feces of mustelids were easily identified because of their characteristic odor and formation. The feces of masked palm civets were distinguished from those of leopard cats and the 2 other civets reported to occur in the study area by their characteristic shape and odor, as determined by comparison with a scat reference collection made from zoo specimens (Jácomo et al. 2004 ). Although we used multiple ways to identify fecal samples, 237 of 2,149 feces collected during our study could not be assigned to species and were therefore excluded from dietary analyses. Collectively, these procedures suggest that the probability of misidentification of civet feces was low.
Diet determination and calculations of biomass.-Diet analyses were carried out according to the method of Kruuk and Parish (1981) . Fecal samples were dissolved in distilled water and examined under a dissecting microscope. The number of individual prey items was estimated based on the number of paired or unique anatomical elements detected such as crania, mandibles, toothrows, wings, elytra, fruit cuticles, and seeds. Undigested remains of vertebrates were identified by comparison with reference collections of specimens from the study area (Marassi and Biancardi 2002) . Fruit consumption was determined based on the remains of undigested seeds and fruit cuticles. A reference collection was used to identify seeds recovered from the samples (Genovesi et al. 1996) . Identification of invertebrates was carried out according to Zhang et al. (2005) .
The biomasses of the different foods consumed by P. larvata were determined from the fresh mass of each food item. For each species of fruit consumed, we estimated biomass by 1st estimating the number of individual fruits consumed. This was done by determining the mean number of seeds in fruits of each species collected directly from parent plants. These values were used to determine the number of fruits represented in each fecal sample, after which we estimated biomass of fruit consumed based on field measurements of masses of fruits (Silva et al. 2005) . For unidentified seeds, we calculated biomass of fruit based on the mean masses of the identified fruits in the diet. The biomasses consumed from 2 prey items (ferret-badgers and pheasants) were assigned based on a feeding trial (Revilla and Palomares 2002) conducted with 3 civets captured from the study population. The design carefully followed the guidelines approved by the American Society of Mammalogists for the use of wild mammals in research (Gannon et al. 2007 ). For other identified vertebrate prey, we assumed that they were fully consumed by civets and biomass was estimated using mean body masses for these species. For unidentified animal prey, we assigned the mean mass of the different species identified from the same taxonomic group. Based on the results of feeding trials, the fresh biomasses of leaves and cortexes were assigned values of twice their dry mass in feces.
In addition to collecting fecal samples, we used the remains of recently consumed prey to characterize the diet of the study population. Fresh foraging sites were identified systematically by walking the 20 transects. We also searched for fresh foraging sites using radiotracking data collected as part of a concurrent study of civet behavior and by looking for civet paw prints and the fresh remains of prey whenever we walked through the study site. At the beginning of the study (May and June 2004) , identification of paw prints and fresh food remains was achieved by comparison with a reference collection during feeding trials conducted with 3 civets captured from the study population. However, because civets usually swallow animals and some fruits whole, the calculation of biomass at fresh foraging sites was difficult. Thus, for these sites, we present only the number of individuals identified and the frequency of occurrence for the same or taxonomically similar food items.
For analyses of both fecal samples and foraging sites, dietary composition was expressed as the frequency of occurrence (FO ¼ [number of the same species or taxonomic group Â 100]/ [total number of feces or foraging sites sampled]) and as the percentage of fresh biomass intake (PB ¼ [ingested biomass of the same species or taxonomic group Â 100]/[total biomass consumed]-Reynolds and Aebischer 1991; Rosalino et al. 2005) .
Estimating food availability.-In order to examine relationships between dietary variation and food availability, the abundances of the 2 main food items of civets-fruit and small mammals-were evaluated (Wang 1987; Wang and Fuller 2003) . Based on a previous vegetation survey (Song and Liu 1999) and the experience of local trappers, 15 species of wild fruit plants used by civets were identified and surveyed in 2004; based on our 2004 analyses, an additional 6 species were surveyed in 2005. These species contributed .85% of the biomass of wild fruits in the diet of P. larvata. Availability of cultivated fruits (10 species surveyed in 2004 and 11 surveyed in 2005) also was evaluated. Distribution and fruit production of all species were surveyed along the 20 transects described above (Fig. 1) ; during the fruiting season, transects were surveyed every 2 weeks, at the same time as fecal samples were collected. Using the estimated biomass of fruits in each habitat, we calculated the availability (g/m 2 ) of wild fruits, cultivated fruits, and all fruits for every month of the year. Wang (1987) suggested that once a civet finds a tree with many mature fruits, it will repeatedly visit that foraging site. Therefore, we monitored 20 fruiting trees (10 Ilex macrocarpa, 5 Dendrobenthamia capitata, and 5 D. japonica) to determine the frequency of foraging visits to each tree and the relationship between the number of visits and the total fruit biomass of the tree. When a focal tree produced mature fruits, the total number of fruits on the tree and the number eaten (estimated from pericarp remains on the ground) were counted. Pericarp remains were identified by comparison with a reference collection made from feeding trials involving captive civets. If P. larvata had eaten fruits from a given tree, we removed all pericarp remains on the ground near that tree to ensure that only fresh pericarp remains were counted on the next survey. Trees were resurveyed every day until no fruits remained on the tree. When no fresh pericarp remains were found on the ground, we assumed that civets had stopped foraging at that tree. At this point, the final number of fruits remaining on the tree was counted. The total and final fruit biomass for each tree was calculated based on the mean mass of fruits of that species.
Small mammal populations in each habitat type were monitored by livetrapping following the protocol of Sun (2001) . Trapping was conducted for 2 consecutive nights per month from April 2005 to May 2006. Ten grids (Fig. 1) were sampled, each consisting of an 8 Â 8 array of trapping stations (n ¼ 64 traps per grid); each row and column of traps was separated by 15 m, resulting in a total grid area of 1.4 ha (including a boundary strip of 7.5 m). We baited traps with cultivated peanut (Arachis hypogaea) during the evening and checked them the following morning. Each individual captured was marked, identified to species, and its body mass, sex, and reproductive condition were determined. The total biomass (g/m 2 ) of each species in each habitat type was estimated from the biomass of individuals captured during each 2-day trapping session.
Statistical analyses.-Data are presented as means 6 1 SE unless otherwise stated; the specific statistical tests used are indicated in the text. SPSS 13.0 (SPSS 2003) was used for all statistical analyses. Because the data were not normally distributed, non-parametric tests were used to examine dietary variation of civets. Variation in the frequency of occurrence of each prey type in the feces of P. larvata was analyzed across months and habitats using Kruskal-Wallis tests. The level of significance of multiple comparisons was assessed using Bonferroni corrections.
Shannon's diversity index (H9) was used to examine changes in dietary diversity across habitats, months, and years. This index has been shown to be useful as an indicator of short-term dietary diversity (Revilla and Palomares 2002) . For each fecal sample, H9 was calculated using the proportion of individuals of each species present in the sample. Variation in H9 was analyzed using a general linear model, with H9 as the dependent variable and month, year, and habitat as independent variables. To assess the influence of prey type on diversity, diversity values also were calculated using the proportion of ingested biomass represented by each prey type in each month. A multiple regression was performed with H9 as the dependent variable and the proportion of ingested biomass of each prey type (values subjected angular transformation) as independent variables.
To explore temporal variation in diet in greater detail, we grouped months of the year according to dietary composition using a hierarchical cluster analysis (using squared Euclidean distances). Multivariate analyses of variance (MANOVAs) were then performed using the grouping classifications obtained from the cluster analyses as an independent variable and the angular-transformed biomass values for each prey type as dependent variables. To determine the most important trophic resources, the significance of the contribution of each prey type to the final multivariate model was analyzed, after which the relationship between abundances of different prey types was examined using Spearman correlation coefficients.
Patterns of temporal and spatial variability in the abundance of fruits and small mammals were analyzed with KruskalWallis tests. Spearman correlation coefficients were used to estimate the relationship between food resources ingested by civets and their availability in different months or habitats. A general linear model, with the total fruit biomass as the dependent variable and tree species and foraging by civets as independent variables, was used to analyze differences in the total fruit biomass of trees at which civets fed versus trees at which no feeding occurred. The frequency of foraging at each fruiting tree and its relationship to total and final fruit biomass were analyzed using regression analyses. Variation in the number of fecal samples collected in different months and habitats were analyzed using a general linear model, with the number of fecal samples as the dependent variable and month and habitat as independent variables. To determine whether habitat switching occurred, Spearman correlation analyses were used to assess the relationship between the proportion of each food item ingested by civets and the habitats in which foraging occurred. (Fig. 2) .
RESULTS
A total of 2,235 food items was detected in feces; the mean 6 1 SD number of food items per fecal sample was 2.2 6 1.3 (range 1-10). Sixty-seven species of wild fruits, 9 species of cultivated fruits, at least 50 species of vertebrates, and multiple invertebrates were found in civet scats (Appendix I). Animal prey included ferret-badgers (M. moschata), squirrels, rodents, shrews, birds, reptiles, amphibians, snails, crabs, and at least 4 different orders of insects. Wild fruits were the most common food items, accounting for more than 60% of the materials in fecal samples and 47% of the ingested biomass. This was followed by small mammals, which represented 29% and 30% of the materials in fecal samples and ingested biomass, respectively. Invertebrates accounted for about 26% of the materials in fecal samples and 0.5% of the ingested biomass.
As determined from fecal samples, the diet of civets was characterized by marked seasonal, annual, and habitat variation that affected all prey types (Fig. 3) . Consumption of wild fruits varied significantly among years, months, and habitats ( Fig. 3 ; Table 1 ). Consumption of small mammals, birds, and cortexes also varied among years and habitats; although there was significant monthly variation in the consumption of mammals and cortexes, consumption of birds did not vary significantly among months ( Fig. 3; Table 1 ).
Fresh foraging sites were found almost exclusively (99% of 786 sites) in areas with fruiting trees, suggesting that wild and cultivated fruits are an important food source. Wild and cultivated fruits accounted for more than 84% and 15%, respectively, of the food items consumed at foraging sites (Appendix I). Because some wild fruits and animal prey leave no remains after being eaten, some prey types were difficult to detect at fresh foraging sites. Only 4 species of animal prey-Edward's Leopoldamys (Leopoldamys edwardsi), Temminck's tragopan (Tragopan temminckii), and 2 species of frog-were found to have been eaten, whereas 32 species of wild fruits, and all 9 species of cultivated fruits were consumed. Thus, only variability in consumption of wild and cultivated fruits was analyzed. Consumption of wild fruits varied significantly among years, months, and habitats (Table 1) . Cultivated fruits only occurred in FL, and the consumption of this food category also varied among years and months (Table 1) .
Diet diversity and key food resources.-Dietary diversity, measured as H9, differed significantly across years, months, and habitats (F ¼ 2.576, d.f. ¼ 73, 949, P , 0.001; Fig. 4) . The main effects of year, month, and habitat were each significant (F ¼ 4.136, d.f. ¼ 2, P ¼ 0.016; F ¼ 4.968, d.f. ¼ 11, P , 0.001; and F ¼ 14.034, d.f. ¼ 4, P , 0.001, respectively), but no significant interaction effects were detected. Intra-sample diversity (e.g., H9 within years) was significantly lower in 2006 than in 2004 and 2005 (least square difference [LSD], F ¼ 17.569, d.f. ¼ 2, 1,020, P , 0.001; Fig. 4) . In all habitats and years, diversity was higher between July and December (average H9 . 0.32 in all months) than between January and May (average H9 , 0.18 in all months), whereas June (H9 ¼ 0.23) was not significantly different from any other month (LSD, F ¼ 6.372, d.f. ¼ 11, 1,011, P , 0.001). Diet diversity was significantly lower in FL than in other habitat types (LSD, F ¼ 8.384, d.f. ¼ 4, 1,018, P , 0.001); the remaining habitats did not differ significantly from each other (Fig. 4) .
To determine the influence of prey type on monthly diversity, we included all 10 food categories in multiple regression analyses of the factors influencing H9. From this initial model, only wild fruits, cultivated fruits, small mammals, birds, and snakes were retained in the final model, in which H9 ¼ 12.811 arcsine(wild fruits) þ 13.049 arcsine(cultivated fruits) þ 12.873 arcsine(small mammals) þ 11.946 arcsine(birds) þ 13.678 arcsine(snakes) À 10.748 (adjusted R 2 ¼ 0.867, F ¼ 13.997, d.f. ¼ 9, 9, P , 0.001).
The simplest classification obtained from the cluster analyses (2 temporal groups) was significant (MANOVA Pillai's trace ¼ 0.87, F ¼ 8.38, P , 0.001). The 2 temporal groups identified were June-October and November-May. Only 4 of the 10 prey types considered in these analyses were significantly clustered. In order of decreasing importance, these were wild fruits, cultivated fruits, small mammals, and birds (F ¼ 87.948-23.362, d.f. ¼ 1, 17, P , 0.001 in all cases). Among the independent variables considered in our model, significant negative correlations were found between the prevalence of wild fruits and small mammals (R ¼ À0.761, n ¼ 19, P , 0.001), the prevalence of wild fruits and birds (R ¼ À0.794, n ¼ 19, P , 0.001), the prevalence of cultivated fruits and small mammals (R ¼ À0.635, n ¼ 19, P ¼ 0.003), and the prevalence of cultivated fruits and birds (R ¼ À0.669, n ¼ 19, P ¼ 0.002). These results indicate that fruits characterize the diet of P. larvata between June and October, whereas small mammals and birds characterize the diet between November and May (Fig. 3) .
Food availability, use, and dietary switching. Thirteen of 20 fruiting trees (7 of I. macrocarpa, and 3 each of Dendrobenthamia capitata and D. japonica) were used by P. larvata; the total fruit biomass of trees at which civets fed was greater than that of the remaining trees, although this difference was not significant (F ¼ 2.739, d.f. ¼ 5, 14, P ¼ 0.063). The frequency of foraging at a given fruiting tree was positively correlated with the total fruit biomass for that tree (R ¼ 0. 548, n ¼ 13, P ¼ 0.043). Regression analyses of foraging frequency on total fruit biomass indicated that trees should no longer be visited when the final fruit biomass drops below 4.5 kg per tree (
Twenty-two mammals (including 3 species of squirrels, 13 other rodents, 5 species of insectivores, and the ferret-badger) were trapped. The most frequently captured mammal was Edward's Leopoldamys (L. edwardsi; 22% of captures), followed by the sulfur-bellied rat (Niviventer confucianus; 18% of captures); the least frequently captured mammal was the Asian red-cheeked squirrel (Dremomys rufigenis; 0.14% of captures). The abundance of small mammals did not differ significantly among months (
, with rank based on abundance (highest to lowest) being PF . SLF . LF . FL . BFP. The biomass of small mammals ingested by P. larvata was negatively correlated with their abundance and fruit availability across months (R ¼ À0.714, n ¼ 14, P ¼ 0.004, and R ¼ À0.601, n ¼ 19, P ¼ 0.007, respectively) and positively correlated with their abundance across habitat types (R ¼ 0.900, n ¼ 5, P ¼ 0.037). The highest consumption of mammals occurred when both small mammals and fruits were at their lowest abundance (Fig. 3) , with abundance of fruits being 20 g/m 2 (Fig. 5) . When fruit consumption by civets was analyzed as a function of small mammal abundance, no significant effect was detected (R ¼ 0.199, n ¼ 70, P ¼ 0.099).
In response to temporal variation in food abundance, P. larvata switched its dietary habits from fruits to small mammals and birds in May-June and from small mammals and birds to fruits in November-December (Fig. 6a) . With regard to spatial variation in food resources, the number of fecal samples collected differed significantly across months and habitats (F ¼ 77.068, d.f. ¼ 48, 974, P , 0.001; Fig. 7) , suggesting that the location of foraging varied. Significant negative correlations were found between the proportion of ingested biomass obtained in PF versus LF (R ¼ À0.570, n ¼ 19, P ¼ 0.011) and between the proportion of ingested biomass obtained in PF versus FL (R ¼ À0.641, n ¼ 19, P ¼ 0.003). These findings suggest that P. larvata shifts its foraging from PF to LF or FL habitat in spring when some fruits (F. orientalis, Cerasus, and Berchemia huana) are abundant in LF and cultivated fruits start to mature in FL. Conversely, the animals appear to switch foraging sites from LF or FL to PF in the fall, when wild fruits such as Diospyros lotus and H. dulcis are mature (Fig. 6b) .
DISCUSSION
Diet composition and primary food items.-Although other studies have documented the diet of civets (Rabinowitz 1991; Wang and Fuller 2003) , this is the 1st study to consider seasonal and habitat differences in the diet of the masked palm civet (P. larvata). Examination of our data showed that P. larvata from central China consumed a wide variety of food items and that the composition of the diet varied temporally and spatially. These findings add to our understanding of civet ecology by demonstrating significant dietary variation among seasons and habitats. In particular, these data provide one of the few demonstrations of spatial (habitat) dietary switching in a small carnivore.
Although no systematic study of the diet of civets has been carried out, fruits typically have been regarded as the principal food resource of these animals (Grassman 1998; Jiang et al. 2003; Lundrigan and Baker 2003; Nowak 1999; Wang 1987) . In subtropical southeastern China, fruits are the most conspicuous food items ingested by P. larvata, with the Chinese abelia (Abelia chinensis) being consumed most frequently (Wang 1999) . In Hong Kong, Corlett (1996) found seeds of 15 species of fruit in civet scats and Tsang and Corlett (2005) found that the large green fruits of Shaba holly (Ilex chapaensis) were consumed only by P. larvata. In tropical forests in Thailand, where ripe fruit is available throughout the year, civets ate fruits of many species (Grassman 1998; Kitamura et al. 2002; Rabinowitz 1991) . Our study, which was conducted where both wild and cultivated fruits are available only seasonally, indicated that fruits were the primary food source for P. larvata during the period between June and October.
In contrast, outside of the fruiting season (i.e., in spring and winter) the diet of P. larvata consisted of a large proportion of small mammals, mainly ferret-badgers, squirrels, and rodents. These results agree with those of Wang (1999) , who also found that small mammals (particularly rodents) were important food items for civets in southeastern China in the spring and winter, when fruits were scarce. In our study, small mammals were consumed by P. larvata primarily in PF, SLF, and LF, where rodents are relatively abundant and cultivated fruits are absent. The negative correlation between the consumption of small mammals and their seasonal availability, however, is contrary to our expectation that P. larvata, as a carnivore, would select small mammals.
A greater number of fecal samples was collected during the autumn than during the spring and summer. This may reflect differences in the preservation of samples (feces may disintegrate more quickly during the spring and summer when rainfall is greater -Juarez and Marinho 2002) . At the same time, food intake may vary seasonally, because frugivorous mammals often increase feeding and accumulate fat before annual periods of food shortage (Zhao 1994) civets) instituted in 2003 when the severe acute respiratory syndrome virus (SARS-CoV) was believed to have jumped from a wild animal host to humans (Guan et al. 2003) .
Food availability, use, and dietary switching.-Food abundance and distribution have been shown to affect the behavior (e.g., feeding, social, and spacing behavior) of a variety of mammals (Isbell et al. 1998; Lurz et al. 2000; Wilmshurst et al. 1999) , including carnivores (Ferrari and Weber 1995; Joshi et al. 1995; Prange et al. 2004; Raymond et al. 1990 ). The dietary choices of small carnivores depend primarily on temporal and spatial variation in foraging costs, which are affected primarily by the availability of critical prey species (Alves-Costa et al. 2004; Erlinge 1981; Joshi et al. 1995; Raymond et al. 1990 ). Perhaps as a result, use of alternative food resources is characteristic of generalist carnivores (Martinoli et al. 2001) . Specifically, as availability of the primary prey species decreases, the relative benefits of consuming alternative foods should increase (Agrawal and Klein 2000; Genovesi et al. 1996) . Therefore, a decrease in availability of staple resources can cause a shift in diet toward alternative food items (e.g., Ferrari and Weber 1995; Prugh 2005; Thompson and Colgan 1990) .
In our study area, fruits showed significant temporal and spatial variation, being more abundant in summer and autumn and in primary forests (Song and Liu 1999) . Correspondingly, the consumption of fruits by civets was highest from June to October, and occurred mainly in forested areas. The highest consumption of small mammals occurred when both small mammals and fruits were at their lowest abundance. Birds (mainly pheasants) appeared in the diet in winter and spring, probably because in these seasons, the loss of leaves on the trees made them easier to capture (Song and Liu 1999; Wang et al. 1997) . These results suggest that P. larvata alters its diet depending on the availability of fruit resources.
Optimal foraging theory (Sacks and Neale 2002; Schoener 1971; Stein 1977) predicts that the attributes (e.g., vulnerability) of a food resource also may influence foraging decisions by predators. Stickney (1991) found that if bird eggs were temporarily abundant and easily obtained, they become the primary prey item in the diet of foxes (Vulpes lagopus) in summer in spite of a high abundance of rodents. The alternative prey hypothesis (Angelstam et al. 1984; Hörnfeldt 1978; Thompson and Colgan 1990) asserts that predators switch prey types when numbers of their primary prey are low. For example, Bêty et al. (2002) found that predation by foxes on lemmings and snow goose eggs increased only when rodent populations declined. In this case, the alternative prey was relatively difficult to capture and thus the predator concentrated its foraging activity on this prey only when the abundance of its primary rodent prey was low (Norrdahl and Korpimäki 2000) . Our results are consistent with this scenario. The abundance of mature fruits in the summer and autumn meant that fruits became the primary food source in these seasons despite a high abundance of rodents. Accordingly, civets switched their foraging habitat from PF to LF or FL. These findings suggest that although P. larvata is considered to be a generalist carnivore, the animals prefer fruits to rodents when the former are available, presumably because of the higher profitability of consuming fruit.
Our study took place in the subtropical zone, where fruits are abundant in summer and autumn but scarce during other seasons (Song and Liu 1999) . Because of the absence of systematic studies of the diets of civets in tropical areas where fruits are available throughout the year, we cannot compare the foraging behavior of civets in areas where fruits are seasonally versus continually available. We predict that in tropical areas where fruits are available throughout the year, dietary switching will not occur and that fruits, with their higher profitability, will be the main food of P. larvata throughout the year. Complementary studies in tropical areas are called for in order to gain a more complete understanding of the effects of spatial and temporal variation in food resources on foraging behavior of civets.
APPENDIX I
Diet composition of masked palm civets (Paguma larvata) based on fecal analysis (FA) and examination of fresh foraging sites (EF) 
